Corral de Lobato, a karstic site in the area of Molina de Aragón has been studied in a preliminary way. Even though there are not many Neogene karstic sites in the Iberian Chain, they occur in four clusters, with ages ranging from latest middle Miocene (MN7/ 8) to early Pleistocene (MN17). Correlations between these clusters and the reference stratigraphical units of the Tagus Basin, as well as with local and global events, are proposed. These karstic sites provide a complementary source of fossil vertebrate remains to that of the stratified sites formed lowland. The Heritage significance of such sites arises from the enhanced preservation of rare taxa or associations, and the operation of biotic concentrative processes.
Introduction
The Iberian Range is a complex orogenic system extending over a distance of 500 km in a general NW-SE direction in the north-eastern part of the Iberian Block. It constitutes the natural southwestern boundary of the Ebro Basin and other Miocene basins, such as the Duero Basin, or the Tagus Basin. Some other internal basins, such as the Alfambra, Jiloca and Calatayud basins form part of this orogenic complex (Fig. 1) . From a geological point of view, the Iberian range is comprised of Mesozoic, and subordinate Cainozoic rocks, deposited on the Palaeozoic Basement, and deformed during the Alpine Orogeny. The great thickness and extension of carbonate rocks in this system has favoured the development of young karstic complexes (Pleistocene-Recent). In general, in Spain, Cainozoic fossils are rare in karstic complexes. This is probably due to a diversity of factors, but most of them are surely related to the karstification process itself (Torres 1998 ). Yet, difficulties in locating karstic complexes should be taken into account: they are often hidden in ancient reliefs, in and close to mountainous areas with low population densities, as is often the case in most parts of the Iberian System.
Karstic Sites in the Vicinity of Molina de Aragón
The city of Molina de Aragón is located in an area locally known as the "Molina Highs" (Parameras de Molina), a local geographical term that focuses attention on the flatlying land formed by Mesozoic limestones and dolomites, ranging in age from Triassic and Liassic to Cretaceous, at an altitude of 1200 to 1300 m, and incised by a deep fluvial network comprising the rivers Tagus, Gallo and Mesa. This area of the Iberian Range is known as the "Castillian Branch" of the Iberian System and forms the geographic margin of the most important Cainozoic basins in the central part of the Iberian Peninsula (e.g. the Tagus Basin, DueroAlmazán; Calatayud-Daroca and Teruel basins). For this reason, stratified sites containing vertebrates are not common in the region (in fact they are extremely rare). Only in exceptional cases rare fossil sites of Palaeogene age are found, brought to the surface by tectonic uplift and deformation of pre-existing deposits. Their role as a source of sediments that infilled karstic cavities have been predominant and determinant from a geological point of view. In contrast, the chemical composition of the rocks and the tectonic processes that affected these Mesozoic levels has favoured pervasive karstification, which has generated numerous karstic complexes, which are still active. In the vicinity of Molina de Aragón, three karst infills are currently known. All of them contain abundant Neogene fossil vertebrate remains (Fig. 1) .
Molina de Aragón
This fossil site of Molina de Aragón is located east of the city of Molina de Aragón in a place near the type locality of the mineral known as Aragonite. It was discovered by a Dutch student of Professor Peter Carls, during a field trip to this mineral locality, who found fossil remains in the karstic infillings developed in the surrounding limestones. It is exceptionally rich in micromammals, which indicate that the deposits correlate to local biozone H. Occasional large mammal fossils are found, the most relevant being the equid Hipparion sp., which indicates that the fossil site dates from the early Vallesian (biochronological unit MN 9) at early late Miocene.
La Lomilla
The second karstic infilling is located in the vicinity of the municipality of Setiles, within the landscape locally known as "La Lomilla". Up to the present, only the infilling of the cave is fully known. The sediments and fossil remains were found as a result of agriculture works. The fossils found were extracted and deposited at the edges of the fields by the local inhabitants in the farmland along with some large limestone blocks and scarce speleothems. As in Molina de Aragon site, the abundance, state of preservation and diversity of micromammals, are remarkable, most particularly the rodent fauna. However, in addition, there is also a remarkable diversity of fishes, amphibians, reptiles, birds and large mammals. The rodent association has provisionally indicated a correlation close to the Vallesian-Turolian boundary.
Corral de Lobato
The site of Corral de Lobato, actively researched at present, can be considered the most important site from the point of view of heritage and educational values. Its location east of the town of Molina de Aragón, not far from the city, on a hillside comprising Jurassic limestones, close to agricultural fields, at an altitude close to 1100 m, makes it particularly interesting. The sediments containing the remains of large mammals (Fig. 1 ) directly overlie Jurassic dolomitic sediments, and comprise a heterogeneous karst infill including cemented breccia and soft clay deposits (Pérez et al. 2013) . The main features of this exceptional outcrop can be summarised as follows:
(1) After three excavation campaigns (2012) (2013) (2014) it has been shown that the bone breccia occurs as a continuous deposit, somewhat inclined in an N-S sense. (2) These bone breccia infilled cavities with an irregular topography in the Mesozoic dolomites which, at least in the studied area, comprises the bedrock of the outcrop (Fig. 2) .
(3) When sediments and bones are extracted from the cavities, a fine, plastic clay sediment is found at the base which attests to a fine detritic sedimentary process, most probably contemporaneous with the deposition of the breccia deposits. (4) When this clay film is removed and the dolomite surface is cleaned, it appears rounded (Fig. 2) showing no sharp edges, probably as a consequence of erosion by flowing water. This can also be observed in many bone remains analysed, which are rounded by erosion, although in such cases they are also covered by carbonates. (5) The nature of the eastern part of the outcrop is unknown.
It cannot be excluded that the outcrop was temporarily exposed as a result of the erosion of a stream running in a general N-S direction. (6) The western part of the outcrop, from top to bottom, is exposed in the hillside comprising Mesozoic dolomites, bone breccia and detrital deposits which remain still to be excavated. Future campaigns will surely indicate the shape and extent of the margin of the karst cavity in this sector of the complex. (7) Behind the outcrop, on the other side of the river, only dolomitic rocks are observed and, as in the rest of the area, show no traces of karstification. In contrast, evidences of karst processes are common close to the main breccia outcrop, and can be recognised by the red colour of the decalcified clays which tinges the surrounding rocks. (8) Occasionally, speleothems can be found in situ in the exposed surface of the dolomites, but they are generally small. They infill small cavities and fissures in the dolomites, in contact with detritic sediments. In some places, small speleothem fragments were found loose on the surface which are usually small, although exceptional occurrences up to 5 cm thick occur, indicating the former presence of karst infillings which have been almost completely destroyed by erosion. (9) The possibility cannot be excluded that some of the speleothems (because of their small size and thickness, and laminar development) might simply be the result of the infilling of small cavities and fissures in carbonates. (10) Carbonate concretions, in many instances encasing fossil bones which were rounded by abrasion prior to deposition, constitute clear evidence of transport (implying allochthony of the bone remains). (11) Carbonate concretions which encase rounded bone fragments suggest that the bones were submerged in water where they served as nuclei for carbonate deposition.
None of the evidences from Corral de Lobato suggests the existence of stratified Cainozoic sedimentary deposits near the site or, at least, if they are present they are not visible or are not exposed at the studied fossil sites. As such, the hypothesis of a karstic origin for the studied fossil occurrence appears to be the most plausible. Bone-rich breccias similar to those found at this site (Corral de Lobato) are common in karstic sites. Although some of the speleothems found in situ are not necessarily of karstic origin, those found loose on the surface are clearly of karstic genesis. Some of the bone remains show longitudinal fractures which indicate long exposure to weathering processes. Others show clear erosion and rounding of the margins, suggesting exposure and transportation by flowing water. However, such processes occur not only in subaerial environments but also in underground karstic environments. Further research and detailed geological work will contribute to a better understanding of this very interesting outcrop.
The important fossil site of Corral de Lobato is rich in large mammal fossils (Fig. 2) . Particularly abundant are the remains of Hipparion concudense, which constitute almost the 80% of the fossil remains recovered so far, followed by two types of bovid: Gazella aff. deperdita and Tragoportax gaudryi. Most particularly the fossil remains of Gazella are represented by a large quantity of horn cores. Carnivore remains are represented by four forms: Mustelidae indet. (small specimens), Amphimachairodus giganteus, and two different species of hyaenids (Thalassictis hipparionum and Adcrocuta eximia).
The faunal list is completed by a rhinoceros: Dihoplus schleiermarcheri; a large suid: Hippopotamodon major (Pickford 2015); a cervid: Pliocervus aff. matheroni; and a large giraffe, so far identified as Sivatheriinae indet.
Preliminary correlation of Corral del Lobato indicates that it is early Ventian (= latest late Miocene), probably in the lower part of unit MN 13 (Fig. 2) . The carnivore species, the rhinoceros, Dihoplus, the bovid, Tragoportax and the suid, Hippopotamodon, have long chronological ranges. However, the species Hipparion concudense, has its last appearance in unit MN 12. In contrast, the species Gazella deperdita, which is rare in Spanish outcrops, has been recorded from the end of MN 11 up to the beginning of MN 13. However, the species Pliocervus aff. matheroni has been recorded in MN 13. Therefore, Corral de Lobato yields a mammal association which is unknown in other parts of the Iberian Miocene basins, but which is similar to that known in the French site of Mont Leberon, also correlated to the base of unit MN 13. In the important fossil record of the Teruel Basin, earliest Ventian sites containing large mammals are scarce, which makes the comparisons difficult and limited. However, it is worth noting that the relative abundance of Gazella deperdita, which is the best represented mammal form after the genus Hipparion concudense, is the same as in the French site. In general, Gazella is rare during the Turolian and Ventian ages (MN 11 to MN 13). However, from the early Pliocene onwards, they are, with few exceptions, the most common ruminants in most of the karstic and stratified fossil sites of Spain.
Other Karstic Sites of the Iberian System

Escobosa de Calatañazor
Until now, the oldest karstic site known in this area is Escobosa de Calatañazor (MN7/8, upper Aragonian; middle Miocene). The karstic filling was in a very poor state due to the works carried out for gravel extraction. However, in the surface outcrops, some fossil remains were found in situ within the sedimentary infilling but many loose blocks in the surface debris contain an extraordinary wealth of microvertebrates.
Cucalón (Teruel)
The site of Cucalón was first published by Adrover et al. (1982) . In this work, the authors provided a preliminary list of the fauna, estimating its age to lie between units MN 10 and MN 11. Subsequently, Mein et al. (1993) in a more general and detailed study of the rodent (murids) determined the presence of Huerzelerimys minor at the site and explicitly considered it to be a karstic fissure infilling.
Algora (Guadalajara)
This fossil site is located near the village of Algora (province of Guadalajara) in a quarry were Lower Jurassic limestones are being exploited for production of gravel. In this area, the lower Lias units are intensely folded and fractured, and the karstic infilling of the fissures and erosional hollows can reach considerable dimensions. However, despite this fact, the only loose block containing fossil remains was found in the early 1980s by Drs. Manuel Hoyos and Carlos Martin Escorza. The block contained numerous vertebrate remains. The rodent remains indicated that the karstic infilling was of Ventian age.
Almenara (Castellón)
The karstic complex of Almenara-Casablanca occurs in an abandoned quarry not far from the village of Almenara (Castellón de la Plana). The karst was developed in a limestone unit dated as middle Triassic. As a whole, the infillings of the cavities span a long temporal range from latest Miocene (Ventian) to early Pleistocene. In two cases, the infillings are clearly of pre-Pleistocene age. This is the case with the sites Almenara ACB M (Ventian) and Almenara ACB 4 (Villafranchian). In particular, the site ACB M is of special systematic and biogeographic interest, due to the presence of taxa of African origin, which clearly indicate the existence of 
Layna (Soria)
The karstic site of Layna is located near the village of the same name. It also was the first Spanish palaeontological site to be protected (in 1973) by a public institution (ICONA, which in the early 1970s depended on the Ministry of Agriculture). The fossils occur in the karstic deposits which accumulated in a hollow developed in the lower Lias unit known as the Carniolas Formation. The richness and diversity of the vertebrate fauna, most particularly of the small species, are one of the most remarkable of the Spanish palaeontological record. Although there are many different types of sedimentary infillings, the recorded faunal remains, in the present state of our knowledge, seem to be homogeneous. The age of the site, based on the rodent remains, is Ruscinian, MN15 (early Pliocene).
Sarrión (Teruel)
The fossil site of Sarrión is located in the so-called Cerro de los Espejos (= Mirror Hill), in a karstic cavity developed in Upper Jurassic marls and limestones, which is cut by the road N-234. A large part of this karstic complex, which was high and wide, was intentionally destroyed during the construction of the road, because of the risks of detention by the authorities who might have delayed completion of the road. When it was first visited in 1971 by the palaeontologist Dr. Rafael Adrover, only a few patches of sediment remained. Some fossil vertebrates, mainly micromammals, were obtained (Adrover 1986 ). Later, the palaeontologist Carmen Sesé (2006) recognised two successive faunal associations: Sarrión 2 (MN 15, Ruscinian, early Pliocene) and Sarrión 1 (MN 16, early Villafranchian, late Pliocene).
Medas Islands (Gerona)
The so-called Medas Islands are a set of small islands only 750 m from the Catalan coastal chain, near the so-called Massif of the Montgrí. This massif is considered to be the most oriental of the pre-Pyrenean Range. The fossil site is located on the island called "La Meda Grande" (The "Big Meda"). This island is predominantly formed of Upper Cretaceous limestones, which are strongly karstified. The supposed age generally attributed to the karstic fossiliferous infill, on the basis of their content of rodents, is MN17, late Villafranchian (= early Pleistocene).
Discussion: Successive Stages of Karstification
In Fig. 3 , an attempt at correlation of all the karstic outcrops of the Iberian range is provided. This reveals that there are four successive assemblages that might be indicative of successive stages of karstification.
Middle-Upper Miocene
The sites arranged in MN7/8-MN9 correlate with the subunit II of the Intermediate Unit of the Tagus sedimentary basin. This could perhaps indicate reactivation of the Iberian relief, prior to the sedimentation of the upper part of the Intermediate Unit, with a general increase of humidity.
In the present state of our knowledge, the number of karstic sites recorded in the Iberian System is low. It is worth noting the absence of karstic fossil infillings prior to middle Miocene (ca 12 million years ago) the site of Escobosa being the oldest of them. Above Escobosa, there are over 30 m of Miocene sedimentary deposits, which are tentatively correlated to the latest Aragonian (MN 7/8). The rodent association from Escobosa shows some similarities with that of the site of Nombrevilla-2 (local biozone G3). The latter fossil site is remarkable for being a sedimentary infilling of a fissure which formed in terrigenous sediments of the Miocene sequence of Toril-Nombrevilla (Calatayud-Daroca Basin), which also shows evidence of common pre-Vallesian taxa shared with of the Catalonian sedimentary basin of Vallés-Penedés. These two fossil sites surely represent the start of a trend towards more humid conditions in the central Iberian basins, in which soon afterwards, the lacustrine sedimentary facies would be deposited.
The fossil site of Molina de Aragón is somewhat more recent (local Zone H), although the presence of remains of Hipparion would surely indicate an early Vallesian age, and the lower part of MN 9. Also, the fauna from Molina de Aragón correlates quite well with that of Nombrevilla 1 (Calatayud-Daroca Basin), this site being one of the classical fossil sites in the basin, similar to that of the locality of Manchones, where sediments are associated with a bone breccia that as infilled a fissure developed in Miocene sediments (López-Martínez 1989) . The rodent remains from Molina are similar to those from the site of Ledanca in the Tagus Basin, a fossil site cropping out between limestone horizons, located near the top of the Intermediate Unit but somewhat older than those of the site of Cendejas de la Torre 2, which is placed in the upper part of MN 9 (local Zone I) and which is still placed below the stratigraphic boundary between the Intermediate and Upper Units. The important discontinuity that marks this stratigraphic boundary can be recognised in the central parts of the basin by intense karstification shown by the carbonates at the top of the Intermediate Unit. In the terrigenous materials developed near the margins of the basin, the recognition of these materials is generally more difficult. It is precisely in these sediments of the Tagus Basin that the pseudokarstic complex of the site of Cerro de los Batallones is developed. This fossil site, dated to the late Vallesian (= early late Miocene), MN 10, local Zones J2/J3, supplies a reliable correlation which constrains the age of the discontinuity between the 2 units.
Upper Miocene The sites attributed to MN10/MN11 correlate with the Upper Unit of the Tagus River Basin, which is delimited at its base by a strongly karstified surface. The development of this surface coincides with a generalised sedimentary hiatus, which is widely developed in the Tagus and Calatayud-Daroca basins.
The site of Cucalón (Province of Teruel) has a probable age close to the top of the Vallesian stage (MN 10), in zone J4 (east of the Daroca-Calamocha area) and La Lomilla (in the Eastern margin of the Teruel Sedimentary Basin) or even slightly younger (MN 11). These deposits, known as K zone, represent karstic infillings, which, by their age, are younger than the erosional break between the Intermediate and Upper sedimentary Units of the Tagus Basin. A similar situation is found in the surroundings of the town of Daroca. In this area, the stratified sites of "Cañada 12 and 13", late Turolian in age, MN 12, local Zone L (López-Guerrero et al. 2011) overlie the MN 9 sites (which are equivalent in age to the sediments which accumulated on top of the Intermediate Unit of the Tagus River Basin). Such units mark the presence of a temporary hiatus, which approximately corresponds to units MN 10 and MN 11, and local zones J-K (López-Guerrero et al. 2011 ). In the surroundings of the city of Calatayud, the situation is a bit more complex, since it includes the fossil sites of Cortasogas, correlated to Zone J-K, which corresponds to the stratigraphic discontinuity between the Intermediate and Upper Units. Apparently, they would still belong to the Intermediate Unit but the complexity of the zone has caused uncertainty in the minds of those who have studied the area (Van Dam and Sanz Rubio 2003) .
Uppermost Miocene
The sites attributed to MN 13 (Ventian age) correlate with the end of the Upper Unit of the Tagus Basin. The ensemble of sites appears to be quite heterogeneous. The fossil sites of Corral de Lobato and Algora might relate to an interval of intense regression during which reactivation of the existing relief could have taken place. In contrast, the site of Almenara (ACB M) would rather be related with the dessication of the Mediterranean Sea. Fig. 3 Attempted correlation of the different karstic sites of the Iberian system. True karstic sites appear in regular characters; pseudokarstic sites are in italics. The successive sedimentary breaks correspond to those recognised by López-Martínez et al. (1987) and by Calvo et al. (1993) . 1 Middle Intra-Aragonian, 2 Upper Intra-Aragonian, 3 Upper IntraVallesian, 4 Intra-Turolian, 5 Intra-Ventian, 6 Upper Intra-Ventian, 7 Intra-Ruscinian, 8 Intra-Villafranchian. Alpine Orogenic phases are represented following the paper by Pickford and Morales (1994) : VA Valachian, RH Rhodanian, AT Attic, ST Styrian. The approximate duration of the different phases is marked by black bars. International chronostratigraphy and megacycles are according to Hilgen et al. (2012) . Temperature Curve in Zachos et al. (2008) . Humidity, according to that represented by Morales et al. (2015) , Daams et al. (1999) The karstic complex of Corral de Lobato, which is the main focus of the present work, seems to occupy a basal position within this period, as has already been discussed. The site of Algora, containing common fossil remains of Stephanomys ramblensis, might correspond to the local zones M1 or M2 (early Ventian), is almost synchronous with the stratified site of Canteras de Iberia (Tagus Basin) placed in the carbonate facies of the Upper Unit of the Tagus Basin. The site of Consuelo, which is placed in the fluvial facies presumably accumulated on the so-called Paramo facies, provides a presumed age of early Pliocene for the top of this Upper Unit of the Tagus Basin. The site of Almenara ACB M is clearly differentiated from the sites described above, with the association of forms such as Paraethomys and gerbillids, which would place them in the local zone N (late Ventian). Also, there is a clear difference from the above described fossil sites, this one being located close to the Mediterranean, a few tens of metres above the present-day coastline. Therefore, it can be confidently related to the event known as the "Messinian Salinity Crisis", which occurred between 5.6 and 5.33 million years ago, as a consequence of the dessication of the Mediterranean Sea (Agustí et al. 2011 ).
Pliocene The set of sites attributed to MN15/MN16 is developed between two sedimentary breaks widely recognised in different sedimentary basins (Iberomanchega I and II phases) prior to the development of the present-day fluvial system. This last set of karstic sites spans the late Ruscinian to early Villafranchian (Pliocene). The oldest sites in the group are Layna and Sarrión-2. According to López-Martínez (unpublished manuscript) Layna would be a karstic infilling resulting from erosion posterior to the final phase of basin infill, which should presumably reflect a decrease in the base-level of the aquifers and the fluvial network, involving deformation of the structural surface (known as the Iberomanchega-I phase). During this phase, a new erosional surface was developed, dated as intra-Pliocene on the basis of the fossils found in the karst deposits at Layna. Preliminary magnetostratigraphic studies suggested a normal polarity within the Gauss Chron, thereby suggesting an age between 3.41 and 3.17 million years .
The karstic infilling of Sarrión are fossilised by a detritic sequence known as the "Sarrión Formation" which, according to the fauna, should have an age of (at least) early Villafranchian (MN 16) which would correspond to the youngest age of the site (Sarrión 1). Lying unconformably on this unit is the unit known as the "La Puebla Formation", which owes its name to the village of La Puebla de Valverde, where it was first defined. Its age is middle Villafranchian, MN 17. Hence, the karstic unit of Sarrión would be delimited in age by two discontinuities: The lower, intra-late Ruscinian (MN 15), or I b e r o m a n c h e g a I , a n d t h e u p p e r i n t r a e a r l y Villafranchian (MN16-MN17), or Iberomanchega II. Finally, the karstic infillings of the sites of Almenara ACB 4 and Medas Islands, with a probable early Villafranchian age (MN 16) constitute the most recent evidence of fissure infillings within the Neogene, by their situation in the Mediterranean Coast, as has already been mentioned for the site of Almenara ACM M. At this point, their relation with fluctuations of sea level has been clearly determinant. In fact, the infilling of the site of the Medas Islands is placed close to a coastal marine abrasion surface (or "Coastal Flat Surface") located about 40 m above present-day sea level.
Relevance of Karst Deposits as Geological and Palaeontological Heritage
The karstic sites described and analysed in the present work have great relevance and importance for the Geological and Palaeontological Heritage of Spain. On the one hand, three of these palaeontological sites; Molina de Aragón, Corral de Lobato and La Lomilla are a part of the Geopark of Molina de Aragón-High Tagus river) which since 2014 is a part of the EGN (= European Geopark Network) and of the GGN (= Global Geopark Network). On the other hand, the palaeontological site of Layna was the first fossil site to be formally protected by the Spanish State with the denomination "Palaeontological Reserve of the Cerro de la Mina" (Aguirre 1973) , at present undergoing a project of on-site museum construction.
Similarly, these palaeokarst deposits represent an exceptional source of information about the middle Miocene to Pliocene continental vertebrate remains near the margins of several Cainozoic sedimentary basins in the Iberian Peninsula, spanning a temporal range of ca. 10 million years. Such sedimentary basins are rich in palaeontological vertebrate sites, and their faunal composition shows a high diversity and composition clearly linked to the sedimentary conditions, generally of fluvial-lacustrine affinities, in endorheic basins. In contrast, the karstic sedimentary infillings comprise diverse and complex features, including fossil associations of very different and diverse origins (Simms 1994) .
One of the most significant features of the sites is their richness in microvertebrates (most particularly, rodents and lagomorphs). But they also supply key information about other important vertebrate groups, which are only rarely found in stratified sites. This is particularly the case of, for example, the snake fauna found at Algora and Layna, which is unique in Europe (Szyndlar 1985 (Szyndlar , 1988 . A further important point about Layna is that it preserves evidence of occupation not only by predatory birds but also by hyaenas. This allows taphonomic interpretations of great interest (Aguirre et al. 1981) .
Finally, we highlight the importance of the evidence of terrestrial faunal dispersals between the Iberian Peninsula and Africa, related to the so-called "Messinian Salinity Crisis" at the end of the Miocene, which affected the entire Mediterranean, which can be deduced from the vertebrate associations of the sites of Algora and Almenara ACB M (Szyndlar 1985; Agustí et al. 2011) .
